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WORKS 

i. 

INTRODUCTION 

• 

Pumping water, sewagej petroleum and non-corrosive liquids^* 
in' quantity forms so large a part of ordinary mechapical 
engineering practice that all the requirements.connected 
therewith may b<; sai(J»to be satisfactorily fulfilled. The 
pumping of corrosive liquids iS an entirely different problem 
and now may be considered a distinct branch of engineering. 
To the chemical engineer the probleiTi is .mainly one of 
materials. If a suitable material can be found resistant to a 
certain corrosive liquid and capable of being fashioned into 
a mechanical pumping contrivance, Ordinary mechanical 
engineering practice may be followed. However, many 
ordinary corrosive liquids attack all substances from which 
simple mechanic|) pumps cap be •made. The problem is in 
such cases of a different character and consists in applying 
energy to produce, the movement of liquids ^vithout the 
intervention of mechanical aids—to remove the piston, the 
ram, the valve and springs, tho glands and packing, the 
bearings aq,cf other weird things th« mechanical mind has 
bequeathed to us. • 

*It can be said that the problem of pumping corrosive 
liquids in the older chemical works was not even considered; 
it was in fact dodged, for such liquids were simply carried 
about in containers of fragile material. The problem, how¬ 
ever, is compelling engineers to stujy first principles—the 
basic laws of fluid mption—and such success that the chemical 
- 7 
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, engineer hafa achieved in the avoiding of mechanifcal devices 
is influencing thd design of pumping jjlant in peculiar ways. 

The development o{ the centrifugal pump js m attempt to 
cut out mechanical detail a'nd to avoid tjie use of valves. 
The constantiefforts to replace reciprocating motion by rotary 
motion in themselves simplify pumping mechanism because 
there is no reverse/* of iuertii and therefore no need .for fly 
wheels, dashjwts, springs ana d#ad centre stop devices, relief 
and safety-valves 1 and air chambers. In this case the electric 
motor has had its influence on design. A high-speed motor 
geared down to run* a ram pump is notmsed to the best advan¬ 
tage. Even the hydraulic ram pump is perhaps marked for 
the scrap heap and with it will go the accumulator. _ 

As it is comparatively simj<e to construct containers for 
corrosive liquids of iron, steel, glass,^lead, stoneware, ebonite 

*end so forth, the older chemical manufacturers concentrated 
attention on the use of air pressure to force out the liqdid 
through suitably arranged pipes, the valves and cocks being 
operated by hand. Such devices, ‘kjiowq as acid eggs, are 
just about at the stage of development corresponding to the 
first Watt steam engine where the steam was admitted to the 
cylinders by valves 'operated by a man. Then came Platt, 
Kestncr and others who fashioned automatic eggs by adding 
delicate mechanism. After these arose a greater one, Pohle, 
who noticed that jet? of air were somehow different from jets 
of steam and in a specification of remarkable clarity gave the 
first clear exposition of the air lift. The air lift even to-day 
is but a puny weakling, ill-deyeloped an4 not understood, 
having about it no laws to explain its action and no rational 
formulse to jpiide design. It is<ised gene(glly where mechani¬ 
cal pumps cannot operate, as for instance the raising of gritty 
water from a deep bo*-hole. Moreover, it is credited with 
fow efficiencies, and in*addition is debited withjfjhe losses of 
the air tompressor. Under proper conditions the lift, con¬ 
sidered as a pumping agent using energy of compressed aft, 
bps an efficiency of 80 per cent. 

It will be shown later that when pumping hot liquids the 
air lift may have efficiencies apparently exceeding 100 per 
cent., in which case tljp heat in the liquid being pumped is 
converted into mechanical energy. Chemical liquids have to 
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be handledVt all temperatures up to their foiling points and* 
they may contain in suspension precipitates, solids ip various 
physical stat*s,<md their movement jnny be difficult. True, 
there are pumps .advertised to pass sdid bodies as large a» 
clay bricks and other ipumps with elastic insides which give 
and allow free passage for these bodies. TJie former are badly 
designed centrifugals, and th^ latter have efficiencies in some 
cases not so good as well-designed air lifts. t The purpose of 
this work is to sketch briefly the general principles which will 
be useful to the chemical engineer in Resigning pumping 
plants. In the chemictfl works the problems encountered are 
of a more general character, and a knowledge of principles is 
of greater importance than in other location*, as not only may 
water have & bo dealt with, biA viscous, corrosive, gritty fluids 
at various temperature%may be involved. 
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CLASSIB1CATIQN 

• 

The process of pumping consists in applying force to the end 
of a column of liquid in a pipe sufficient to cause ipovement. 
If the pipe is horizontal then Movement simply means over¬ 
-coming friction ; if vertical, th'en the fjuid is raised to a higher 
level in addition. The application of^this force may be direct 
as iif a ram pump and acid egg, or indirect as in centrifugal 
and air lift. Pumping appliances may be mechanic*!, semi¬ 
mechanical and non-mechanical. Tie theoretically-minded 
man would perhaps prefer thclirst classification* the so-called 
practical man the second. Both will be given to meet these 
views. • * 

Classification No. 1.—The Manner of Applying Force.— 

Direct-Acting Pump. —(1) This includes all manner of ram 
pumps where energy from whatever source is first applied to 
a solid piston which pushes out or displaces from a cylinder 
a quantity of liquid previously charged. These again may 
be subdivided into those In wWcb no provision is made for 
arresting and absorbing the momentum or inertia of the 
moving parte and those in which the ranuor piston is brought 
to rest at the end of the stroke. In the latter class the 
Wftrthington pump is* an example. Its development arose 
frmn endeavours to ovJrcome the inertia difficulties in pump¬ 
ing pet&leum over long distances in America. 

(2) Septum displacement pumps are direct-acting, though 
the energy given to the piston is conveyed to the liquid to bo 
moved through an intermediary device. This may consist of 
a rubber rlisc fixed so that the piston is protected from the 
corrosive action of th* liquid, or a buffer of an inert liquid 
such as sulphuric acid or glycerine may, be placed between the 
10 
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piston or ram and tho liquid being pumpejl. Examples of • 
the former are the chemical works diaphragm pumps for 
hydrochloric %cii and the rubber tulje»pump; of tAe latter 
chlorine pumps with a sulphuric acid buffer and tho Ferraria. 
pump. b 

(3) There arc many types of rotary pumps : direct acting, 
such as the drum’ pump df^igiVd on thA liras of a Roots 
blower, the multiple cylinder, the Douglas and •the Brackett 
boiler-feed pumps, and in this class may be put a curious 
contraption known as the Frenier sand pump, whiuh is’a kind 
of air compressor and jlUmp combined, ft will be described 
later. 

(4) It is legitimate to class as direct aeting those lifting 
devices which depend on the’pressure of*a compressed gas 
being exerted in contact with the liquid. The most famous 
example is the Humphrey pump, where a combustible gas ist 
exploded in a cylinder of which tho water to be pumped*may 
be considered as the piston. In the chemical works the time- 
honoured egg withdts developments towards automatic work¬ 
ing are examples. 

(5) The fifth and last class consists of ^uckct elevators, the 
skin friction belt, the tank lift, the archimcdc&n screw, and the 
rope and chain pumps. 

Indirect-Acting Pumps .—In this class are placed those 
pumps in which the energy to cause How arises from some 
change in the physical conditions or even composition of the 
liquid. Thus by whirling a liquid ia a casing centrifugal force 
is generated in tbe mass of »he fltiid to cause flow through 
suitable passages into a pipe system. On this principle the 
centrifugal pump is .constructs*!. Apart from tins rotor there 
is an entire absence of controlling gear, valves, etc. The 
chemical engineer, so far as he can uSe a mechanical puftip, 
adopts tho seutrifugal to the exclusion of ram pumps. The 
various forms of jet pumps, injectors, are further examples of 
pumping devices in which energy is conveyed indirectly by 
first imparting velocity to a fluid, steam or otherwise, which 
in turn transfers it to the liquid to be pumped. 

Lastly, the air or gas lift in which a continuous»stream of 
air or gas flowing into a column of a liquid causes motion as 
though the liquid warp drawn up by a vacuum pump. The 
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possibilities of this pump are not fully realised. 'Then there * 
is the momentum punjp, or hydraulic ram, where the momen¬ 
tum of a strt'airoof liquid is absorbed, in the momentum of a 
second stream when both flow but together. The lifting of. 
mercpy in electrolytic cells may be beautifully performed by 
this apparatus. The pulsomcter acts indirectly, for it depends 
on the condensation of stes^n V> twin chambers which are 
alternately opened and shut by automatic„valves. It owes 
its popularity to absence of accessory gear, for it can be slung 
by a chain and requires .little else but connecting up to a steam 
supply. 

Fig. 1 shows this classification. 0 

Fig. 2 shows the alternative pystem of ■'classification. 


Classification .No. i . * . 

CONSTRUCTION OF PUMPS 


MECHANICAL— 




Ram Pumpa of every kind<-—Belayed 
\ Valvelesa 


Instant Bead Centre. 


Biaphragm or Septum Pumps. 

Rotary Pumps. 

Explosion Pumps (Humphroy). 
SEMI-MECHANICAL— 

Ccntrtfugal Pumps*)! overy kifld. 

Frenior Sand Pumps or Helical. 

Pulsometer. » 

Tube Pumps. 

Bancing Momentum Pump. 

Kestner Elevator and Automatic Elevators. 
.Hydraulic Ram. 4 

NON-MECHANICAL— 

Air Lift. 

Acid Egg, Montejus. 

Jet Pumps. 

Liquid Momentum Pumps. 


Fig. 2. 



. THE RAM POMP 


The action of the ram pump is so obvious that its popularity 
is not surprising. * Its action can be understood by the ordinary 
intelligent labourer, and it ^ credited with high efficiencies. 

► It is admitted that large, well-designed ram pumps have 
the highest efficiencies of any pumps, yet the efficiency^ of 
pumping operations in the ordinary chemical, tar, gas and 
similar wo^ks is generally not more than 10 per ceftt. The 
good points of the ram pump are tfeat it is positive in its 
action ; it does not “ lose its water,” and will generally work 
when in a very > in<i'lferent state of repair. No mysterious 
calculations ar& required to find the output or power required. 
Speed alone governs quantity, head is independent of both. 
The volume swept fry the piston in a given time multiplied 
by a co-efficient K, assumed generally as 0-9, gives the quan¬ 
tity. The work done in lifting the water plus a bit for friction 
in pipes and pump give'tho horse power. It is all so very 
simple. Its disadvantages are l«gion. It presses mechanism 
to corrode and to wear away, valve seats continually to be 
ground. II® lack of balance fiecessitates costly foundations. 
The repeated reversals of the flow of the liquid cause stresses 
winch may shatter the jiump and its connection^. It is bulky 
and coqjly for a given duty, and often the extra interest on 
the capital cancels out any benefit from efficiency. Without 
the flywheel it is difficult to drive by belt, steam or gas engrne 
6r motor. Ram pumps cannot handle easily dirty, gritty and 
highly viscous solutions. 

The action of the ram pump is not, however, so simple as it 
looks. Because of th» incompressibility of liquids and their 
great densities compared with gases, th« reversal of flow and 
“ 14 * 
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k THE RAM PUMP 

sudden changes of velocity produce effects which are not yet 
understood. » 

Prof. John'Gqpdman in 1903 t mad# come careful experi¬ 
ments on the behaviour of an ordinary* ram pump. Aware’ 
that Jfenry L. Worthington had designed a diredt-acting free 
piston pump which emccessfully obviated the frequent bursts 
in long pipe linos of the Ameyjca>\ petroleufu industry, and of 
the failure of certain locomotive boiler feed jyimjJs, he set out 
to study the conditions which produced the shock pressures 
which lay at the root of these troubles. , He fust fitted a 
special hydraulic indicator to the delivery pipe of one of the 
boiler feed pumps, and found that the maximum pressure 
recorded was 3,250 lb. per sq. in., though the pump was only 
pumping against a pressure of 140 lb. per sq. in. On increas¬ 
ing the size of the passages and otherwise easing the flow of 
water, this pressure was reduced to 850 lb. per sq. in. Theory* 
could only account for 200 lb, in the first case and 150 16. in 
the second. It was discovered that the water sepatated from 
the plunger at a spaed of fibout one-third of that at*which the 
pump was running. * 

The problem stated is to deterinine: 

(1) How the “ slip ” or the “ discharge c6-efficient ” of a 
pump not fitted with a vacuum vessel, also the “ water ram ” 
pressure in the suction pipe are affected by: (a) A change of 
outlet or delivery pressure when the speed remains constant. 
(6) A change of speed when the delivery pressure remains 
constant, (c) A change in the lcngtfr of the suction pipe with 
the other conditions remaining unchanged, (d) Running the 
pump without a suction valve. 

(2) The exact behaviour as togards the openin^and closing 

of the suction and delivery valves under various conditions 
of running. > • ' 

(3) The speed at which the plunder separates from the 
water during the early part of the stroke and catches it up 
later on, thereby producing a shock in the suction pipe. 

(4) The loss of pressure due to the friction of the water 
passing through the valves and passages of the pump. 

(5) The mechanical efficiency of the pump under various 

working pressures. • 

(6) The effectof fitting a vacuum airvessel to the suction pipe. 
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« By a discharge co-efficient is meant : 

Vol. of water actually pumped __ c - 
Vol. displaced ty the plunger 

The results of Goodman’s experiment showed that when the 
pump is running smoothly it is possible ip pump more liquid 
than corresponds to the displacement of the piston, i.e. that 
slip is negative. 

Engineers are accustomed to the use of a “ discharge 
co-efficient ” value of 0-9 to 0-95. It may surprise some of 
them that it is possible to pump 1-5 times more liquid than 
the volume swept out by the piston. When a ram is working 
very slowly the diagram taken, by the indicator is-practically 
a rectangle, thus (Fig. 3}: _ 



Fig. 3. 


If now the speed of the ram is increased the inertia of the 
moving mass of water affects the pressures, and the diagram 
changes to somethi/ig like Fig. 4. 



* Fig. 4. 


The suction line af is no longer a horizontal line, but owing 
$o the retardation of the ram towards the end of stroke at 
point/ the momentum of the water in the suction pipe is 
arrested, Drodueing sharp rise of pressure. By further in¬ 
creasing the speed of the pump the momentum of the moving 
mass of liquid in the suction pipe is ljige enough to lift the 
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delivery valve before the ram has reached, the 'end of its 
stroke. Fig. 5 gives -an actual diagram taken from Prof. 
Gotidman’s pape»showing this anticipated lifting of the valve. 



Fio. 5. 

In such cases the discharge of a greater volume of liquid than 
the volume displaced by the rj,m is evident Further, it is 
possible to pump without the use of suction valves, the column 
of liquid in the suction pipe itself acting as a sort of valve. 
This action of a ram pum’p, on account of the range of liquids 
to be moved, is of great importance to chemical engineers, so 
that it will be considered in greater detail. Let Fig. 6 repre¬ 
sent the theoretical diagram ofm pump working under such 
conditions, but neglecting friction, for the present. 



The line a'b' represents the distribution of prcssure # due to 
the inertia at all parts of the stroke. From a' to c' the pressure 
is negative because the pump is accelerating the water in the. 
suction pipe. At o' the inertia pressuro becomes zero and in 
consequence of the retardation of the motion of the liquid a 
pressure is actually exerted on the plunger. At d' the inertia 
pressure equals the delivery pressure, causing the liquid to 
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1 open the delivery valve and pass away before completion of 
the sucfion stroke. Since the ordins^es of the curve a'b' 
represent the water pr*ssure t on the plunger^ani the abscissa! 
'the horizontal distances through which the plunger has moved, 
the area c'd'fc' represents the work done by the retarded water 
in forcing the plunger forward, and the firca d'b'f represents 
the work done in delivering/he jxtra watft during the suction 
stroke. Notv \v;ork done is the product of volume of liquid 
and the pressure so to the extra volume of liquid pumped is 
area d'b'f -divided, by the delivery pressure. Let this extra 
volume be v and let V denote displacement volume of plunger, 


then the discharge eo-cfficient.: S = 1 + ®." Since the 

1 ' 

ratio of the work done in defiveringjhc extra volume of water 

'to the work done under normal conditions is ^ rea 'lyJ and 
' Area Ijmu 

since the pressure scale is the same in both cases, tl*e volume 
of water 'delivered will also be id Jthe t same for operation, 
whence the discharge co-effifient: • 


, • g _ i _l ^ rea d'b'f 

r Area Ifmn 

In order to calculate the inertia pressure for a pump having 
an infinitely long cbnnecting-rod, let: 

R = the radius of the crank in feet. 

L = the length of connecting rod in feet. 



N = reVs. of pump per mtn. . 

to — weight of unit column of water one foot high and one 

* sq. in. section = 0-434 lb. 

•W = weight of reciprocating parts per sq. in..of plunger in 
* lb.; in this case weight of column of water 1 sq. 
in. section and length = to suction main, *i.c. 
, 0-434 L = wL. 

P = the “ inertia pressure ” at end of stroke, i.e. the 
t pressure required to accelerate and retard the 
column of ijiater at the beginning and end of stroke. 
Then if the suction-pipe be of the same.diameter as the pump 
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\ ' ' 

'the ram. pump • 

• • 

plunger wo have ; P = 0-00034 WRN 2 , but if the Irca of the 
suction pipe I^e A, an^that of the plunger A, we have substi¬ 
tuting the vaiuepif W given above: • • 

P = 0-00034 x 0-434 LRU 2 A„ 

- f A, 

The manner in whiefi the pressure varies f#om ijoint to point 
in the stroke is given by the Straight line ab (Pig. 7), and the 



extra volume of water delivered is equal to* the area ^ 

144P d 

calculated to the appropriate scale of the diagram. 

For a pump having a short connecting rod 

P = 0-00034 WRN 2 6 T 1 ^ a” 

• • • n J A, 

The line ab (Fig. 7) becomes the curved lino o'fe'^Fig. 6). 

What happens when the ram is moving at high velocities is 
not even to-day clearly perceived. «For every ram pump 
there is a critical speed—the speed at Vhich the piston moves 
faster than the water entering the cylinder. Undftr these 
conditions the«piston leaves the incoming water, and later on 
in the stroke, when the speed of the ram pump or plunger i$ 
reduced, the water will catch it up and cause a bang when 
they meet, the violence of the bang depending on tfce velocity 
of impact. The speed at which the separation of the plunger 
and water occurs caa „be calculated. 
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• Speed at Which Plunger leaves the water In the Pump Barrel 
when not fitted with a Vacuum Vessel., , 

Let /(,= the suction»h<!ad Ijefore the pumft i.e. the height 
of the surface water in the sump^ielow the bottom 
oi the pump barrel; if it be above, this quantity 
must be given the negative sign. 
h, — the loss 4f head dye tv friction Jn the passages and 
pipe|. 

Then the pressure required to accelerate the moving water at 
the beginning of the suction stroke is 

•> 

P = 000034 X 0434 LRN 2 (l - ~ 

(Notation as on page 18.) • 

* If the barometer be taken as 34 ft., then the effective pi^s- 
sure'driving the water into the pump barrel is (34 -h,- hi). 

Separation occurs when this quantity is less iflian P ; 
equating tiese two quantities we geVthe (maximum speed, N, 
at which the pump can run without separation taking place, 
and reducing we gejj • 

N 


In cases in which friction plays an important part, the separa¬ 
tion will not necessarily otcur at the beginning of the stroke 
because the water is then at rest and the friction zero, but the 
frictional resistance increases fapidly as the plunger moves : 
hence the separation will occur shortly after the beginning of 
thef stroke. • 

At this critical spe8d the discharge co-effioient is very 
unstable. Goodman's experiments on his small pump give 
results from which Fig. 8 has been plotted. • 

, Chemical works ram pumps fall into two main classes; the 
first includes those which pump non-corrosive liquors, and the 
second thflse which pump corrosive liquors. The former are 
constructed of ordinaiy cast iron, steel or bronze, while the 
latter must be made of special materi^le to resist corrosion. 
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Of the non-corrosive liquors little here need be sai<?concerning * 
the best typc^of pump to raise water, this Subject being fully 
trSatcd in works on mechanipal engineering. The non- 
corrosive liquids *of the chemical work are volatile limpid" 
liqui<Js like toluol or benzol, or heavy viscous liq%ids like coal 
tar, glycerine, soap solutions, qils, melt«l fats and waxes, 
magmas such as paper work» # “ sjuff ” an<f slunries, like milk 
of lime. Any ordinary ram pump may be utpd f6r the limpid 
liquids, but pumps for the moving of tar, glycerine and similar 
substances must be designed on ample linei^. The^assJges in 



and out of the cylinder and ttts valves must be\nade larger 
than usual, and it may be necessary to fit steam jackets, or at 
least steam pipes, to the pumps in orde* to reduce the viscosity 
of these heawy solutions. The speed 6f running also is much 
lower than that adopted for pumping water. There aft pumps 
on the marketdn which the valves are mechanically operated 
and take the form of a piston or slide valve worked from ap 
eccentric. 

The Duplex pump first introduced by Worthington works 
satisfactorily where viscous solution% offer great frictional 
resistance. The momentary stop of the ram at the end of the 
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* stroke allots tho inertia to be absorbed and dispenses with the 
use of air vessels on either suction of deliver./ side. This 
point has already beeti discussed at the openif g of this chapter. 
' Gritty substances diad better be kept out of a ram pump, 
but if it is nt)t possible then the loosely fitting ram witfy soft 
packing must be adopted. ( Tke well-kn»wn Cameron pump 
is an example of tKs type. , It if an advantage to fit a cup on 
the gland id or^er to retain a'small quantity of oil or even 
water. 

Spehking generally, the pumping of viscous liquids is best 
done by some form of rotary pump to be described later. 

The pumping of corrosive, substances by a ranj pump is a 
problem chiefly of materials and stuffing box design. Earthen¬ 
ware pumps arc obtainable, but are only adopted where pumps 
of more sturdy material cannot possibly be used. Great care 
'is required to keep the glands tight, otherwise the lealyng 
acid!s corrode the metal clips and fastenings, which hold the 
earthenware parts together. For hydrochloric acid ebonite 
pumps arl superior to the earthenware type, but almost the 
same care is demanded. Ebo'nite is brittle and'liable to snap, 
especially so if any attempt has been made to cheapen the 
product by tin! addition of ground-up vulcanized rubber, 
which merely acts as a filler. For pumping hot solutions 
ebonite pumps cannot be used, as softening takes place at 
about 100° C., with the certain consequence of seizing. Further, 
ebonite has a tendency to harden if used continually for even 
warm solutions. The type usually seen is rather a cumber¬ 
some piece of work and 8esig»ed on the line of a hydraulic 
pump. The plunger, which is double-acting, is kept tight by 
hydraulic ^fooves instead of Jacking. It is now possible to 
obtain ebonite-lined centrifugals and diaphragm pumps and 
acM eggs, which on the whole arc to be preferred to the 
pknger type of pumjf. 

Ram* pumps of ferro-silicon alloys are not recommended. 
This material is so difficult to machine and casfrthat it is be£ter 
4;o adopt the centrifugal design of pump. These alloys resist 
nitric and strong sulphuric acid perfectly, but they must not 
be used for hydrochloric, sulphurous, very weak sulphuric, 
solutions containing ferric chloride, and organic acids of the 
type of malic and tartaric. 
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Kestner claims to have overcome the packing difficulty. In, 
his pump tty ram is^nadc extra long and .the stuffing box is 
replaced by a cyfinder with only a worsting fit. A film of acid 
is really the packing and the slight leakage, which amounts 
to o^ly about two drops per minute, is returned 1$ the suction. 



'IV.' 

, T£E SEPTUM DISPLACEMENT PUMPS 

This type of pump represents the first Berious efforts to 
remove the propeljing mechanism from the action of corrosives. 
The ram or plunger chamber, is separated from the pump 
proper by a diaphragm of lubber, or a buffer of an inert 
substance, such as oil, is placed between the ram and the 
liqui^ being pumped. The illustration, Fig. 9, shows the ordin¬ 
ary form o£ rubber diaphragm pump. A. L. 0. Dehnp, Halle, 
supplies a< satisfactory type of thi* jiump, but now several 
English makes are available, i The plunger works in water, 
the displacement of which deflects the rubber diaphragm 
from side to side of 1 a flattened chamber. The acid side of 
the apparatus comprises the usual valve boxes and air vessels 
lined with suitable material. The valves are fitted with rubber 
balls. These pumps- should not be used for hot liquors, but 
they are well adapted for pumping slimes, precipitates and 
gritty substances—in fact the design owes its development 
to the use of the filtej press. r g 

The diaphragm pump is now largely adopted in mines for 
pumping slices for low lifts (85 ft.), an£ when fitted with 
adjustable stroke it is superseding the air lift. It is well 
suited for handling the^sludge from mechanical thickeners of 
the Dorr type. « 

There js an old form of septum pump which operates by the 
alternate squeezing and releasing of a rubber .tube, and 'is 
still in use in certain mining districts. Usually it consists of 
a'rubber tube about 3 in. diameter, the lower end of which is 
surrounded with a casing with two swellings each communi¬ 
cating to a Cylinder fitted with a plunger. The space enclosed 
by the swellings and the plunger is filled with water. The 
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plungers are geared so that alternate squeezing aifd releasing * 
of the rubbeuin the spelling takes place and so pumping the 
liquid. , • • 

A variant of thlb rubber tube septum iu now on the market’ 
in which two rollers attached to the extremities of rotating 
arms in a suitable »asing squeeze a rubber tube lying in a 



slightly eccentric path in this casing, and some hydrochloric 
acid pumps are mSde on this principle. * 

The Ferraris acid pump is liquid septum pump for sul¬ 
phuric and hydrochtoric acid. A column of suitable oil acts 
as the buffer, and the limit to its usefulness is the choice of oils. 
The pump is «f Italian origin, but has Jiot found extendecfiise 
in this countfy. Where first cost is not important it is oho 
of .the most reliable pumps for sulphuric, being automatic 
compared with*the egg, and not requiring submergence wells 
when compared with the air lift. • 




THE CENTRIFUGAL PUMP 


If there were a material },s resistant to acid corrosion as 
iron or steel is io water then the centrifugal ]1ump would 
make the wildest dreams of * chemical engineer come true. 
Materials apart, the centrifugal h^i nearly all the qualities 
• of a chemical pump. Compared with a ram pump it is sim¬ 
plicity itself. It has no valves, springs, and no mechanism: 
instead an,impcller mounted on a simple shaft. Th% ordinary 
cngincenfoually insists on the gland^md stuffing box, but the 
chemical engineer has even nbolished this. The centrifugal 
delivers a steady strpam #f liquid, which no ram pump can 
possibly do. Jt delivers anything from 20 to 100 times the 
quantity of liquid as a ram pump of the same size. Origin¬ 
ally developed as a low lift pump, the centrifugal has now 
ousted the ram pump from its special domain, the high pres¬ 
sure hydraulic service. Pressures of 800 lb. per sq. in. can 
be obtained by compounding, and Rateau has designed a 
single impeller to pump against 863 ft. hjad. 

The centrifugal will pump mud, sand, stones, and lumps of 
anything if^hese things can enter at all., Here the ram pump 
downs tools at once and goes on strike for ever. With the 
cei^rifugal the dredging engineer scoops up the river bed, and 
a.form of this pump*exists which has flexibly blades in its 
impeller in case an extra large object enters. 

The design of the centrifugal is an expert’s job, and ‘the 
reader must consult him and study his works for a complete 
analysis and account of its action, but the installing and 
working of this pump calls for more than the average chemical 
foreman can give. t 

The writer has many sad experiences to relate concerning 
26 
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the installing of centrifugal pumps. One of tin! latgest works 
pumping stations evej erected was almost fJtiflcd at birth by 
the intrigues of ft class of foreman whohe knowledge of en¬ 
gineering did not Extend beyond the fitters’ bench. Let it be* 
understood that no one who has not grasped tljte full signifi¬ 
cance of V 2 = 2</If %hould be allpwed to look at a centrifugal 
pump, much less install onc» ( 



’ i I 

Fig. 10 shows in diagram the centrifugal pump. The liquid 
entering the pump at E is rotated at a high speed by the blades 
D of the impeller C, and flung off the periphery of the impeller 
at a velocity which is the resultant velocity of the tip of the 
blade of the impeller and the radial flow of liquid through the 
pump. This velocity of the water is.gradually arrested and 
the energy of motiomopn verted into pressure head in a suitable 



28 PUMPING IN ^HB CHEMICAL WORKS 

• • 

* casing B ift which the impeller rotates. The liquid is now 
under pressure and will flow out of Jhe pump against the 
resistance to be overSone. The design of thi^punip is directed 
•towards the conversion of the energy of velocity to potential 
energy withsut loss, minimizing the friction of disc rotation 
and balancing the*end thrust of the impeller shaft. 

At this point it fe as well to state very Briefly the principles 
upon which - the*oentrifugal pump works, and to describe the 



various mq^hods in which these principles are applied in 
practice. 

I*?t-Fig. 11 represent a centrifugal impeller ^having three 
types of blades—radid r, backward curved 6,«and forward 
curved f. 

The liquid enters the eye of the impeller shown by small 
circle, Fig. 11, and for simplicity’s sake let us assume without 
shock. As the impeller rotates in the direction indicated by 
the arrow, the liquid is whirled round and slides along the 
surface of the blade a#d is flung of at a velocity V. Now 
V is a component of two other veloeitiqp.; one, U, that of the 
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ND 

impeller tip \jhich_is ^ ft. 


per see. 


when;*: 


” N is^revs. per mirf,. • ’ 

D is'dia. of impeller in fe»t 

in a direction tangential to the periphery—the other, W, tan¬ 
gential to the curvatures of thoiblade itself and magnitude 
represented by the intercept »pf Die radial* velocity / of the 
liquid through the pump. To draw the parallelogram of 
velocity at the tip of an impeller blade, proceed thus 

Draw U tangent to periphery at tip of blade and fength 
representing velocity of the tip. 

Parallel tqU draw a second linctlistanco/the radial velocity 
of the water through pump. * 

If Q = cu. ft. liquid passing* jjer sec. » 

A = area of impeller discharge opening = D X K, 
whore K is width of blade in feet, 

th « n /=.f 

Prom tip of, bladfc dr&w tangent W intersecting parallel 
line at M. 

From point N on line U draw iffP parallel to W. 

Lastly join P to tip of blade. 

Then parallelogram M P N tip is velocity diagram, in which 
U is velocity of impeller tip ; W velocity of water along blade 
surface ; V velocity of liquid leaving impeller, / radial velocity 
of liquid through pump. 

The aim of the designer is to arfange the blades so that 
the friction of theliquid along* them shall be a minimum and 
that the velocity of the liquicj V leaving the impeller shall 
also be minimum. 'The equating of these two l&ctors is a 
prime consideration in design. 

Referring i^ain to Fig. 11, it is se|n that the more’The 
blade is curvM backward the less is tire value of V, but also 
the. greater becomes W. The value of V governs the loss in 
converting cnefgy of whirl into pressure head, i.e. the less 
it is the less is the loss, but W is a function of friction loss,- 
so that the greater W the greater is the blade friction. 

Notwithstanding the tomes of theory written on this subject 
experience here is the chief guide, but*the following may be 
accepted as^ rough Pule :—Backward curved blades for high 
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S lifts, radial* for low and medium lifts, and forward blades for 
very low lifts such as those fitted in irrigation jumps, where 
water is only raised « few v ,feet. An autiioritative set-of 
•experiments to determine the efficiencies of'radial and curved 
impeller blades were published by Dr. Stanton in 1903. From 
these experiments it was concluded that in high speed Wheels, 
i.e. wheels i» which the velocity of the' tips of the vanes 
exceeds 40 ft. p^r sec., the fcffcfct of moderately recurving the 
vanes at the outlet is beneficial, the velocity of flow of watbr 
through the wheel is uniform. 

These results are confirmed by Mr. 3>. A. Smith, of Melbourne, 



who took instantaneous photos of the flow of water through 
an impeller discharging finely jpto the air* A study of these 
photos is of interest to the chemical engineer because of 
the importjftce of viscosity and density ..which the hydraulic 
engineer does not worry about. All the theory of the centri¬ 
fugal-:s based on liquids composed of free moving particles. 
Even Gibson in his flydraulics and its Applications states 
in his «sual complete way the factors governing the design 
of the pump admits that “ none of the fundamental assump¬ 
tions made are true . . . since viscosity must cause a defection 
of the lines of flow in the direction of rotation.” Smith’s 
results, Fjg. 12, show the liquid leaving the leading edge of the 
blade and forming a Jfiycr of dead liquid shown white. This 
dead water is in a state of eddy and tltptefore a source of loss. 
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Work done on Pump =- ^ ^ (Or) where W= weight’’ of eu. ft. 

■> - liquid 

eu. ft. per sec. 

Turning effort on shaft. r — radiu# of impeller 

tip 

(] ~{52-2 ft. per sec. 

’ « — vejocity radians 

per sec. 

0 = | Velocities, see 
U = f Fig. 11 
o WQ 

Work done on water per sec, — • - (Or) w ft. lb. 

. J 9 „„ 

9 

= ft. lb. per lb. liqmd. 

9 

This does not include for losses in eddy formation, shock, 
friction of liquid flow, mechanical friction and leakage. 

Energy from Pump: > 

Referring to Fig. 13. 

If II is difference of level between suction and discharge 
reservoir, , 

H, friction loss in suction and delivery pipes, 
v velocity of flow along discharge pipes, 
then energy from pump per lb. isj 

IT + H, 4- f ft. lb. 

Theoretical Manometer Efficiency 


. II,„ per lb. water 
= ratio * qu 

9 


H„«7 % 

ou ' 


I.,v 

U (U-/cot.V) 


Hydraulic Efficiency 

H 

= % = — where L, = total loss of pergy in 

_ L), overcoming hydraulic resistance in 

9 pump itself. 
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f f 

Working BffBcieficy= T , En, ' r ->' ,rom 

' Energy given to f pueip. <’ 

If N = refs. per soft •’ 

Q = cu. ft. pef sec. 

T = turning moment in ft. lb. 
then: ' i 

Q'WIL* = • 

n 2,-iNT OU 7 l;+ L„ 

g + WQ 

where L, s = hydraulic losses. ' 

L= mechanical losses. 



Fra, 13. 
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As pumping may be defined as the art of esertihg pressure < 
on a columif of liqujfi, centrifugal pumps' may be classed 
according to methods of converting velocity head to pressure. 
This conversion is one of some difficulty, and a variety of' 
centrifugal pumps have been evolved, to carry this out with 
the highest efficiency. , • 

In the simplest farm of centrifugal the Ifcpiid is allowed to 
discharge from the periphery’of the impelled into a circular 
chamber or casing, no special provision being made to prevent 
shock, as in Fig. 14. . * 

A slight improvement »n this is the replacing of the circular 
chamber witjh a volute casing, thus (Fig. 15). 



Fig. 14. .Fig. 18. 


* « ♦ 

There the liquid discharges freely into a volute chamber in 
which the velocity oj. whirl is "Uniform. There ih % however, 
still a loss by shock because the velocity of the liquid leaving 
the impeller is greater than the velocitjein the involute «ham- 
ber. The gait in efficiency due to thisfshamber is, according 
to Stanton’s researches, only about 10 per cent. • 

Ntext in development is the pump with whirlpool or vortex 
chamber, a device first adopted by Prof. James Thompson,. 
In this pump the impeller is surrounded by a circular chamber 
upon which is superposed the involute casing as iq Fig. 10 
above. This circular chamber increases/he dimensions of the 
pump and consequently the cost. In practice a compromise 
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is adopted, both involute and whirlpool chambers are cut 
down. ' ^ , 

Owing to'the teildcncy for the liquid tq form eddies, not¬ 
withstanding all tlje previous devices to convert velocity 
energy into-prcssurc gradually, a system of guide vanes fixed 
round the impeller is now the recognized practice in the best 
type of pump. These vanes receive the water from the im¬ 
peller withoutc shock and direct it by gradually diverging 
passages to the whirlpool or involute chambers. A centri¬ 
fugal so fitted is like a reversed water turbine, and is aptly 
termed a turbine pump (see Figs. 16 and 17). When properly 
designed 75 per cent, of .dhe kinetic energy of discharge is 
converted into pressure. 



There are modern types in which the conversion takes place 
enthtiy within the impeller. One such pump has an impeller 
surrounded by an angular Venturi throat guide vane, vortices 
being Entirely avoided, while another replaces the flat impeller 
by a revolving pressure drum. «. 

The design of centrifugal pumps for moving chemical liquids 
is determined chiefly by the limited choice of materials. 
Manufacturers therefore have wisely adopted simple forms of 
the pump at the expanse of efficiency. The following descrip¬ 
tion of some well known makes is gij>sen simply to illustrate 
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guiding principles, and to enable the reader«to fotrn his own, 
judgment on'the naerjjs of any particular pump. 

Where cast iron, steel or bronze may be employed standard 
practice may be lollowed and any of tl(f well known makers 
of centrifugal pumps may be trusted to supply a suitable pump 
if given a full statement of the conditions under which it shall 
work. This statenffcnt shouldinclude the quantity of the liquid 
to be moved, the nature of‘the*liquid, its specific gravity, 
viscosity, whether gritty or volatile, the suction and delivery 
heads. . • 

The selection of a centrifugal pump is governed by:— 

1. The quantity. This should be stated in gallons per minute, 
together wSh the limits of variation and noimal quantity. A 
glance at the characteristic curves of an* ordinary medium 
lift pump shows that th%quantBy cannot be altered without 
affecting the head ; the head falls as the quantity is increased* 
5. The nature and properties of the liquid ; i.e. the density, 
for this determines the head; the variation of density and 
viscosity with rega#i tc^tcmperature. The failur#of many a 
centrifugal is Hue to a sudden •increase in resistance or head 
on account of the lowering of the tampejature. The resistance 
to flow of saturated brine is 1| times Us great at 10° C. as 

it is at 90°C. Tbc ratiois a measure of the resistance, 
density 

Under this head should bo stated the Volatility of vapour 
pressure for a temperature range, for this determines the 
suction head, for a centrifugal will ftot pump if air or gases are 
given off in the tasing (whosever* possible the pump should 
be arranged with a small pressure head at the inlgt); also state 
whether gritty or no* (grit wears the neck rings ani diminishes 
the efficiency). 

3. The delivery head :—The delivefy head determines the 
speed of the pump, and it must be accurately determined, and 
gi^en either in lb. per sq. in. or in feet of the liquid 9t a given 
density. In many eases it is exceedingly difficult to ascertain, 
for frictional resistances of many chemical liquids are un¬ 
known. The Stanton Curve, as given in Flow of Chemical 
Liquids, in this series, should be consulted and adequate values 
for the resistance of valves, bends, et*., obtained. 
i. The suction conditions. Whether the liquid flows to the 
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r pomp by gravity or has to be lifted; if it has to be lifted state 
lift in feet and limit of variations calcul^edjfrom'pump centre; 
also length of suction pipe apd number of bends, noting beside 
>the temperature an^ vapour tension of the liquid. 

To start .a centrifugal with suction lift, special priming 
arrangements are .necessary, sometimes on injector, pump or 
a simple cogk and funnel, together with foot valve. 

Tor chemical^ liquids especially try to arrange suction under 
a slight head, even at the expense of a vertical driven pump 1 . 

Some Chemical Centrifugal Pump?.— Though Messrs. Mather 
and Platt, Ltd., Manchester, do not'make the special type of 
small centrifugal for chemical works this firm deserves mention 
as being pioneers in the development of the modem centrifugal 
and turbine pump. Tor water, boiler feeding and oil where 
fair volumes are to be handled, this firm’s pumps are to be 
.relied on, and where the conditions are definitely stated 
guarantees are given. These pumps are usually electrically 
driven; as. the motor is fully protected against overload no 
special self-regulating devices in thd pump itself are adopted. 

The Rees Roturbo and the Sunturbo are‘centrifugals of 
the self-regulating type. The rotor of the Rees Roturbo takes 
the form of a pressure drum, the object being to obtain by 
centrifugal force inside the drum a constant hydraulic pressure. 
In the rim of the drum a series of turbine nozzles are formed 
which are designed to impart to the water a resultant velocity 
one-half that of the peripheral velocity of the drum. It is 
claimed that only 25 per cent, of the total energy is converted 
into velocity, the water leaving the impeller at 25 per cent, 
velocity and 75 per cent, pressure, thus simplifying the 
design of 1j|ie guide blades and 1 passages, and greatly reducing 
wear and tear. This firm have recently put on the market a 
line«*f-pumps specially designed for corrosive liquors, and 
constructed of special^ metals. In addition to* the ordinary 
gland packed horizontal pump, Messrs. Rees Roturbo supply 
a vertical spindle glandless type. • 

The “ Sunturbo ” pump also has self-regulating properties 
due to the design and construction of the “ Sunturbo ” Patent 
Venturi ipipeller. This impeller follows the Venturi Law, 
giving a high velocity qf flow at the blade tip or throat and then 
converting the velocity created into pressure before the liquid 
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• » » 
leaves the impeller. As the velocity of flhw increases the* 
pressure dinfmishes, %nd af the point wher4 the liquid leaves 
the blades of the ^mpeller a partial vacfltfin is created reducing 
wear and corrosion to a minimum and«ensuring a high and 
permanent efficiency. Consequently no special Wolute cham¬ 
bers or guide blaifts are required; the* impeller is fitted 
accordingly in a sftnplo cirwilar^asing a% in Kg. 14. The 
degree of self-regulation is seen from the diagram Fig. 18. 
Messrs. Meldrums, of Timperley, supply this type of pump in a 
ferro-silicon alloy for chomical works, • 



Centrifugal pumps of ferro-s*licon alloys are nojr made by 
many firms. In England there are the Lennox Foundry Co., 
Ltd., London (Tantiron), John Varley«fc Co., Ltd., St."ilelens 
(Narki), Haughton’s Patent Metallic Packing Co., Ltd., London 
(Ironac), Meldrums of Timperley, and probably otherf, for the 
manufacture oi these alloys is not now confined to one firm. 
In U.S.A. there are Bethlehem Steel Co. (Corrosiron), Duriroq 
Castings Co., Dayton, Ohio (Duriron). These small pumps are 
gradually displacing the acid egg because of their ^utomatio 
action, small cost and size. The design centres round the 
foundry and grinding .shop, for these alloys are exceedingly 
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hard and sdmewhat brittle, The casting of' an impeller is 
almost a work of krt, and all the machined* surfaces must be 
accessible to the grihdng wheel. The points to watch *in 
deciding upon the purchase of a ferro-silicon pump aro accessi- 



C 


bjlity without disturbing pipe lines, positive and automatic 
lubrications of the shaft, the stuffing box preferably being 
liquid sealed and fixed always on the suction side. Some 
designs, such as the Di^riron pump, permit of the suction and 
delivery adjustable to any position. The fixing of the special 
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metal parts to the cast-iron beef plate is important—small 
feet and brackets aje liable to crack and break off and special 
car* is to be taken to See that tlj$ slott#d»fianges.are properly 
ribbed and strengthened. _ Fig. 19 shows a glandless centri¬ 
fugal acid pump by the Chemical Pump Snd Valve Co., N. J.j 
U.S.AT * , 

Ferro-silicon alloys make excellent lingrs foi; centrifugal 
pumps designed for pumping bird and grj^ty substances. 
Tailings pumps, dredge pump and pumps for coal and coke 
washing plants arc now obtainable with such linings. .When 
required to pump acids to any considerable head, say 00 feet, 
provision must be made for taking up the end thrust. Tki3 is 
usually domfby mounting some of the standajd types of thrust 
ball bearings. It must be remembered alsij that ferro-silicon 
impellers cannot bo rotated at Speeds which are quite safe 
with steel or bronze impellers, so that to pump acid against^ 
beads exceeding 60 feet it is better to adopt the stage pymp. 
A well 'designed lino of stage pumps in Ironac is pow on the 
market. The following |nble, supplied by the movers, gives 
the duties of three sizes of punyi in two, three or four stages 
for pumping sulphuric acid of T5 sp. gr. (100° Tw.). The 
efficiencies of the 1J in. and 2 in. arc froBn 40.per cent, to 48 
per cent, and from 55 per cent, to 02 per cent, for the 3 in. 
and 4 in. size. 

Makers are urged to present the dutios 'of their design of 
centrifugals in the standard form of characteristic curves 
similar to those shown in Fig. 18. It is noticeable how timid 
are chemical pumg makers in pubkshiqg the results of care¬ 
fully made tests. Many of the tests submitted for this publi¬ 
cation are not reliable and most have been carfied out in a 
rough and ready manner. On the average it ma^ be taken 
that this type of pump possesses workjpg efficiencies o430 per 
cent, for 1 in* pump, 40 per cent, for in., and 45 per cqpt. 
for 2 in. Larger sizes have efficiencies 20 per cent, lower than 
the’ ordinary water centrifugal. The ultimate form, in the 
writer’s opinion, of chemical works centrifugal will be the 
freely suspended, vertical and glandless type. 1 

Regulus Metal Pumps. —For ordinary sulphuric acid free 
from nitro bodies the pump consisting of a regulus m’etal casing 
and ferro-silicon imp^Jer is recommended. They are supplied 



TABLE 1. , 

Duties of Ironac Pumps 
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in sizes from 1J in. dia. to 6 in. dia. suction pipe, with capacities 
ranging fronl 22 g%ls. jjer nfin. to 330 gals, per min. For some 
purposes pumps with regulus metfal impellers are also suitable, 
but the rotors lAve to be of substantial design. 

Earthenware Centrifugal Pumps.— Great improvements have 
recently taken plaae in toughening earthenware for making' 
pumps, impellers and casings. Notwithstanding the world¬ 
wide quest for a real acid-resistirfg and passive metal or alloy 
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there are many and increasing classes of liquid which cannot 
be handled ?n metallic or ebonite pladt. Solutions containing 
hydrochloric acid and soluble silver at boiling temperature, 
organic acids to be free from iron and other impurities, peroxide 
solutions, and perhaps one of the most corrosive solutions 
known—acid ferric chloride, demand the use of an absolutely 
insoluble material, capable of withstanding great changes of 
temperature and a certain amount of f ough usage! For such 
purposes stoneware, qentrifugal pumps have been used with 
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excellent rcgjilts, and in England a pump with a ceramic lining 
of “ Ceratherm ” i* marketed by Guthrie <5} Co.,*Acerington. 

Rubber Centrifugal. Rumps.,-r Most chemical pump makers 
will supply centrifugal pumps covered and lified with ebonite 
and soft rubber for handling aiid and gritty liquids. Among 
tsuch pumps the “ Sarcophagus,” made by The StcrcopUbgus 
Pump & Engineering Co., Ltcl., pccupies a prominent place. 
The “ Resiline ”, pump is Specially designed for handling 
corrosive substances. In it the impeller consists of a cast-ir<m 
plate, tljo boss of which screws on to ^hc spindle of the pump. 
On the plate is vulcanized a layer of pkant rubber from which 
spring curved blades unshrou^ed. The casing of the pump is 
an ordinary voluty. chamber which can if necessafy be com¬ 
pletely lined with,rubber. This type of pump has found 
extended use in pumping acM mint waters containing large 
quantities of quartz. There is no tendency for centrifugal force 
to bepd the vanes, because the rubber has the same specific 
gravity as ^lio water, and where a fibrous piece of<nitcrial 
enters the glades bend and permit obstruction to pass. 
The diagram Fig. 20 gives the characteristics of a 4 in. Flexala 
pump. Compared with an .ordinary centrifugal sand pump 
for pumping crugked^old ore, the yearly upkeep charges are 
from ! to £. 



* VI * 

boxa6y pumps 

For pumping viscous solutions, liquids containing precipitates 
and non-gritty magmas such as*the paper-maker’s “stuff,” 
the rotary pump is now usually adopted. These pumps are 
the half-way house between the "positive ram pump and the 
centrifugal. Some deliver a steady non-pulsating stream, 
positively and without the use of valves. Most of them work 
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• * 

equally well in both directions. Mention will only be made 
of one or two as types. 

The Drum pump made by Messrs. The Drum Engineering 
Co., Bradford, is a well known form. Jfig. 21 is self explana¬ 
tory. The drum and piston are geared together and a volume 
* 43 
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equal to 2^ R.A. cu. ft. is swept per revolution; where R is 
mean radius of the projecting rib fend A thy area* of the rib. 

The Douglas pump,* designed originally for pumping milk 
without churning, has also found application In chemical works. 
Essentially i^eonsists’of a rotating disc having on the periphery 
"and equidistant tljree pins. These pins*engage as the disc 
revolves in hwo slqfa in a drum* causing “the latter to rotate 
about a fixed ceytre. A half moon cam-like projection on the 
chamber cover separates the inlgt from the outlet chamber. 
This ppmp can be obtained fitted yith steam jacket for the 
pumping of fats, waxes, chocolate and very highly viscous 
solutions. 


, JJia. 22.—Feueeheerd Pump. 

• 

Fig. 22 shows the rotating element of another rotary pump 
put on the market by Messrs. Stothert & Pitt for the pumping 
of oils and similar liquids. • The f action of lie pump is highly 
ingenious and very simple. 

The pump Is made in ten sites, the smaller sizes to pump 
1000 gals, m water per hour or 820 gals, of fuel oil per hour, 
and tWarger sizes to {tump 90,000 gals, per hour of water or 
74,Q00 gals, per hour of fuel oil. The volumetric efficiencies 
range round 95 per cent, for heads equivalent to 200 lb. per 
sq. in., and mechanical efficiencies of 84 per »ent. for water 
and 70 per cent, for heavy fuel oil. A special form is made 
for hydraulic jacks and control gear to pump against a head 
of 800 lb. per sq. in. The “ Feuerheerd ” pump, as it is called, 
• is easily amstructed o£ the new ferro silicon alloys, earthen¬ 
ware, porcelain and the usual restricted,olass of acid resistant 
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materials. Such pumps are now obtainable having efficiencies, 
of the value's for frater. Jig.. 23 gives curves of volumetric 
(YE), mechanical (ME) and werall»efficiencies (OE) also 
B.H.P. at different pressures aijd speedy This pump is now 
widely adopted for the pumping of.heavy oils so that it should 
be welcomed in many chemical industries. 



• Pressure, lbs. per $ inch. 

Fra. 23. # 

fn this class, is the sud pump which, is rtow generally used 
to pump small quantities of soap and cutting solution on to 
the work on the lathe and machine tools. Most of these 
consist of a pair of miniature mangle gears working in an 
elliptical chamber. Their action is ebvious from the Pig. 
(24) which illustrate* the form made by Messrs. The Brooke 
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v Tool Manufacturing Co., Ltd., Birmingham. Made in suitable 
materials it can be used for th» pilmpinj' o^smalf quantities of 



Fra. 24 .—Sod Pomp. 


corrosive solution without the use of storage tanks. 

The Frenier Sand Pump.— The Frenier Pump is made by 



Messrs. Frazer & Chalmers, of Frith, for the pumping of 
slimes and ore pulps. Its constructiop.is exceedingly simple, 
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for it consists only of a spiral chamber mounted oa a trunnion, 
in such a way that,al^rnati slags of air and<pulp are shot out 
through the trunnions. The illastratioft (Fig. 25} best explains 
the construction *and action of^ the purpp. The spiral A i,s 
mounted on a trunnion B and fittcdjn a tank D. jAs the spiral 
revolves in the dirtfction of the arrow the ppen end E traps a” 
quantity of air on entering th» liquid. Thus alternate volumes 
of air and liquid are wound round towards*the centre, the 
aif meanwhile being compressed. On reaching the centre the 
liquid is ejected through the trunnion into the pipe sjsstem C. 
Its characteristics are that its output is fixed because it cannot 
be run more than 20 r.p.m. ; the hgight of lift is controlled by the 
diameter of the spiral, the efficiency demand* the maintenance 
of a.constant level in the tank. To obtain«tkis very often the 
tank has to be over supplied.* Table 2 gives the normal 
sijes and output in terms of pulp of varying specific gravity 
. • 

* TABLE 2, • 

• • * 

• Frenier PuMriNC Capacities 


* 





ft 

• 




Specific Gravity of Fluidf. 

• 


Size, Inches 

1000 

1100 

1200 

1300. 

• 

1400 

1500 


Tons per 24 hourstof pulp. 




• 


• 
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540 

590 

050 

700 

760 
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030 

690 

760 

820 

880 
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GAS AND AIR PRESSURE PUMPS 

9 

Under this heading in our classification are placed the Hum¬ 
phrey pump, the ordinary acid egg, Kestner’s elev'ator and the 
many similar forjjis of automatic egg or montejus. 

The Humphrey Pump.—This highly ingenious pump has 
not, so far as the writer is aware, been adapted for pumping 
corrosive liquids as it is essentially suitable for large output, 
but there seems to be no reason to the contrary if the combust¬ 
ible gases, and their products do nej; regct with the solution 
pumped and if the pump is constructed of suitable materials. 

An analysis of its thermodynamics appeared in Engin¬ 
eering, February 11, 1921, by Dr. John Walker. 

The Humphrey pump has been taken over by Messrs. Wm. 
Beardmore & Co., Ltd., of Glasgow. 

Add Egg.—Thd egg is a large scale laboratory wash bottle. 
It is probably the simplest of all known acid pumps. This 
simplicity, however, demands personal attention, for the 
operation of valves is accompanied by low efficiency. Fig. 26 
shows its general arrangement. The vessel A is normally 
about 3 ft. iff diameter by about 6 ft. long and contains 40 
cu. ft. of Scid. The delivery pipe B extends to the bottom 
of the Bessel and dips^nto a small well Q. Air is admitted 
by the cock D, and the acid to be lifted by the'cock F from 
the tank E. To operate the vessel A is filled with acid, the 
displaced air issuing from the cock G. Wfeen full, air is 
admitted after first closing cocks F and G, when the acid is 
forced up pipe B. After the operation it is seen that the 
vessel A is full of compressed air at approximately the maximum 
• pressure, the energy of which is entirely lost by expanding 
up the delivery pipe B. Thus the wooing of the acid egg is 
48 * 
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exceedingly crude. By perforating that portion of the discharge , 
pipe inside th*e egg it i| possftleito raise the acid by using air 
expansively, but the degree of • efficidhiy depends on the 
intelligence of theSittendant. TJJie study f of the egg has been, 
left too much in the hands of the .air compressing engineer. 
It is true, of course, Mat the ultimate cost^of raising acid by 



Fig. 26. 

• 

this means depends on the efficiency of^the’air compressor; 
but the egg should be studied as an appliance independent of o 
the compressor. 

Let H = the actual head to which the acid is‘raised, 
and h, — friction head in feet. . •» 

h, — velocity Iftad in feet. 
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d 3 = dia. of rising main in feet. 

Q = volume of acid ~aised cm ft per see. 
v =■ velocity 'of discharge feet per sec. 

m. — hydraulic mean' depth of rising main = 

i — hydraulic slope 

. H 


v = kinematic viscosity (for sulphuric acid 1-84 sp. gr. 

at 20° C. v =» '000113 ft. sec. units). 

A = area of rising main sip ft. 

Maximum pressure of air required :— 

H 4- h, + h,, in feet of the liquid being pumped. 



Fio. 27. 


2 cv 

Velocity head h, =r V - where v — ^ 

, • 2 » A i' 

Friction Head h, is calculated from the Stanton curve 
(Flow of Chemical Liquids, Swindin, in this„series)* 
i is obtained from 

« 2 t >d . 

l = <p 

mv 

and A, can therefore* bo calculated. 

These values are given diagramma<t»ally in Jig. 27. 
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ab roprqpents volume of egg. 
af = atmosph»ri(*prcssAre to terms of hoftd of liquid raised 
* (for sulphuric add 1-84 sp. gr. af — 18-4 ft.). 

fll' = H + h t + /i„. > 4 

At^ihe end of the blow the egg oontains a volfltne of air ab, 
at pressure af which expands to the atmosphere along the, 
line K d'. Actual work dorfe oi^ the acid is represented by 
area f j K e; work done on the air artia ft/' if d '; work dona 
to “overcome frictional resistance and cause flow is area 
g'h’jh. * 

The efficiency of the fcgg therefore is given by the ratio 
area f fk e 
area fg' h'd' 

• • * 

In practice this does ncA exceed 40 per cent., and assuming 
a eompressor efficiency of 60 per cent, the overall efficiency is 
then 24 per cent. If the attendant does not keep his eaf well 
glued to^he rising main # during the discharge pPriod loss of 
air can be anything.* The writer generally regards tffe practical 
efficiency as anything between i0 per cent, and 20 per cent. 

The following table has been wffiked a^t for varying veloci¬ 
ties of discharge. From the foregoing it edn be seen that 
efficiency depends on low value of v. 

The following diagram. Fig. 28, gives graphically the chief 
factors of the acid egg action. It is basld on an egg of 1000 
gallons capacity, and a lift H of 40 ft. Referring to quadrant 
(1) the egg and its rising main are Shown in outline, the head 
H and the lengthdif the egg^orming the pv rectangle of the 
expansion hyperbola. This rectangle ABC B* indicates the 
work actually done*on the acid. To cause flow further work 
is required, and which is indicated by the lengths h„ h, added 
to H. The jnterdtept of the isothernfd curves, as at G, give 
the volume o'! free air required for raising 1000 gallons to a 
height H, at the velocities stated. Quadrant (2) contains a 
curve WD cofinecting the air prcssui^ in* the egg with the 
velocity of pumping. The scale of velocities and gallons p#r 
minute is given on the base line, and the extreme ordinate 
contains the scale of pressure. Quadrant 3 giv<*» the corre¬ 
sponding H.P. for the velocities ; AK tie actual H.P. absorbed 
in actual pqjnping; *AL the H.P. to be given to the air, the 
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•cross sccticfeed area indicates the H.P. wasted qn expansion, 
MA and NA show'the IJ.P. for ionfpressers of 80 per cent. -f- 60 
per cent, respectively. Thfs‘curved line J, converts velocity 
or gallons per minutf into time required to pump 1000 gallons 

• shown on Calc to the left. Quadrant A contains thp effi¬ 
ciency values. Efficiencies of H.P. on line KA Quadrant 3, 
are given by 100 ]ier cent, efficiency line (vertical), H.P. LA 
on line V, H.P. f MA on line U, and H.P. NA on line RP. The 
cross curves P, TDV, R and S iadicate efficiencies for veloci¬ 
ties 3‘, 6, 9 and 12 ft. per second respectively. The sectioned 
area Quadrant A shows at a glance the scope offered for 
expansive working. The dittgram as a whole refers only to 
the case given, lOOO gallons raised 40 ft. For other heads 
a similar diagraift must b« constructed. The values .from 

which the chart was drawn are giten in Table 3. 

( 

TABLE 3. 


Acid Eogt f ; 

Data of Flow Values for 1000 gale. of 1-84 Sulphuric Acid through a 
2 in. lead pipe, raised 40 ft. from an acid egg. 


Velocity . 

0 

3 

6 

9 

12 

Actual head lifted .... 

40 

40 

40 

40 

40 

Head velocity hv ' ., . 

0 

•14 

•57 

1-27 

2-25 

Hoad friction hf . 

0 

1-4 

4-32 

8-52 

13-0 

Head total H -f- hv -f hf . 

40 

41-54 

44-89 

49-79 

55-28 

Efficiency on air only . .* . 

55 

— 

47-4 

42-0 

37-0 

Efficiency 80 per cent. *. .* . 

44 

— 

*37-92 

33 6 

29-0 

Efficiency 60 per cent. . . . 

*33 

— 

28-4 

25-2 

22-2 

(Theoretical ; ; 

_ 

•55 

M 

2-32 

1-00 

3-93 

2-2 

6-94 

1,000 ] 80 per cent, compression 

— 

— 

2-9 

4-9 

7-44 

gals. Ifl) per cent, compression 
Pressure lb. per sq. in. . * . . 

0 

— 

— 

. 3 80 

0-54 

9-9 

32 

34 

35-9. 

39-7 

44-2 


Efficiency in a*ch<ynieal works has not hftherto been of 
great importance for the pumping of small quantities of 
liquids, so that it is not surprising that inventors have con¬ 
centrated »h the elimination of the personal element. Mention 
may be made of the Veil iknown Kestner elevator, which in 
these days needs no description. Fig. *29 shows jn automatic 
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( i ^ 

egg in Narki iron, by Barnes, ana supplied by Messrs. Varley, 
of St. HeliAis, in which t^ie usual float is replaced by arf 
internal valve. Tie Sir enters }>y the tide branch of the valve 



chamber, as soon as the egg is filled with acid, and the float 
valve is on.its seht. The acid is foaccd up the rising main 
till the pressure falls, and closes the Sir inlet valve. A large 
variety of similar devices may be obtained. • 






*ym 

- MISCELLANEOUS DIREtfP-ACTING LIFTING 

APPLIANCES 

• • 

The Screw Pump or Arcfiimedean Spiral .— 1 TMs appliance 
is met witli in twp ’forms, one consisting of a coarse pitched 
screw rotating in a cylindei* fixed |it any angle, the otlfer of 



Fia. 30. 


ij pipe coiled fyelicalty and fitted round a shaft capable of 
rotation. In up-to-date hydraulic schemes it is rarely seen, 
but the chemical engineer can still use this simple and prac¬ 
tically gearless pump® It is employed on some electrolytic 
cells. 
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• * ' * j 

The design of these pumps does not call for much effort. 
For the rotating screw : . ' 

It d denotes th(f lift,. of the*. r,ylindtf.» 
p „ pitch of the screw. 

v „ „ volume of screw length of p. 

% ,, revs.* per min. ’ ** 

g „ atrsity of material pumped. • 

K „ co-efficient for slippage anS faction losses. 

,, mass of liquid rSised.* 
h „ head . • * 
then : 

? * 

Q = ™ x p X n X 0 . 

‘k • 

and *work done : . , * 

. . = Q X K Xh. 

For pAciical purposes K is equal to 0-8, an efficiency *of 80 
per cent, for wat^r. ^hen pumping mercury j>r molten 
lead and similar alloys it must be remembered that loss‘due 
to leakage is much higher. Tlloqgh densities and viscosities 
are greater than those of water the leakage ip a function also 
of surface tension. Those who have experience of keeping 
a concrete tank tight against mercury will appreciate this 
point. Anyhow the point of efficiency ip the chemical works* 
need not be laboured, for the quantities of liquids to bo dealt 
with do not compare with a town’ip water or sewage. Again, 
where possible, a^opt the rotating screw form in preference 
to the helical pipe. A sere*? has no inaccessible partk and 
can be withdraw^ fot cleaning ; a pipe is not so easily 
cleaned, especially when twisted. This appliance is often 
used as a liquid circulating device and is frequently seen in 
the various* forms of electrolytic %elt Figs. 31 and 32 .give 
two examples of the Archimedean screw used as a circulator, 
one vertical, Jhe other horizontal. , 

• 

The Scoop Wheel.— Where large volumes of liquors require 
to be circulated in shallow tanks the scoop whee] has advan¬ 
tages over pumps of any other kind., It has beeh employed 
in circulating moltep .alloys; electrolytes in electrolytic cells, 
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Fig. 3(1.—' Vertical Uiegulatob IAkciiimedean Screw). 

• • » 

ol tiie ljutch, who use it to keep in motion the water of their 
sluggish canals. , • 



Fig. 32,—HORIZOSTAlfClftCCr.ATOR (ABCBIMEDEiil'SciREW). 

Fig. 33*shows the general construction of t£e wheel. * In 
designing such an*appiiance the reader must consult a com¬ 
petent work on hydraulics and modify details for the liquid 
to be pumped. It will of course be made of suitable material, 
hard lead for cold sulphuric, ebonite-covered steel for hydro¬ 
chloric acid, and so on. The angles oHhe floats are usually 
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made 20° to 40° with the radial line, and "the diameter -of th« 
wheel lies fietween a and »10,where p is .lift in feet. The 
peripheral speed will depend'dn the density and viscosity 
of the liquid. W>r water this f speed is 8 ft. per sec. It is 



here suggested that* for »other liquids this speed <M 8 ft., per 
sec. be multiplied by the factojr: • 

v for w ater "•_ 

v for liquid to be pumped 

where v is kinematic viscosity —, where »; is absolute viscosity * 

c.g.s. units and q density c.g.s. units. Owing to its moderate 
speed hydraulic losses are very lojf and in consequence the 
efficiency is high ^»bout 80 per cent. * • 


THE JET POMP ANQ BLOWER 


It is not necessary in this srrfall* work to go deeply into the 
action of jets and nozzles,' l5ut a right understanding of the 
jet is important, for on it depends the design of steam tur¬ 
bines, steam injeclors, both* for gases and liquids, high'flow 
pressure gas and oil burners, and nowadays the high vacuum 
condenser air pump. In the chemical works the jet is nfet 
with as bojler feed pumps, forced draught appljpntes for 
burning <Jjfficult fuels, burners fo» the combustion of tar, 
fuel oil and gas, and as a rough and ready draw-off pump. 

The Sasic principles of thf jut arc usually treated as problems 
of colliding boc[v?s A’ space. If a body of mass M, with a 
velocity V, strikes another body at rest of mass M a , the 
common velocity is 

‘ . v _ MjV, 

MjM 2 


and the ratjo • 

• losffc energy , _ M a * 

** remaining energy • M, 

From this* it is seen that the greater the stationary body, 
the greater is the loss. Thus in a simple type of jet the effici¬ 
ency is very low. Ndw }ets may be roughly ‘divided into 
two classes. 1. Those in which the motive fluid is either a 
liquid or a nnnfCondensible gas. 2, Those, in which* the 
jpotive fluid condense! like steam. In class 1 the jet velocity 
is that due to the pressure above the atmosphere. In the 
latter case jsudden condensation so reduces the pressure that 
jet velocities of about 1,600 feet per second are obtainable. 
Thus it is that exhaust ste&m edn puny?, water into the boiler, 
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69 


I , 

and also thjt a vapour of small mass can mov<^ a liquid o| 
much greater massv .It is«no£ practical t<* move liquids by 
air issuing from a^jet, except'ih sprayJ and the like where 
mechanical efficidhcy is not looked for. 

The steam ejector or blow jack, as itlustratqjl in Fig. 34j 
of the chemical wdrks is the crudest appliance imaginable. 
»• i ' 



It should only be used for intermittent work, ag,.emptying 
pumps and vats at long intervals, where the capital cost of 
an efficient pump would be prolfibitive. Its .efficiency is 
improved if fixedwo that the.work'is all done on the suction 
side, and not on the delivery, and also if th»*jets are made 
to draw the liquid •through telescopic openings lilje those by 
Korting, Ltd. 

The use gf jets'for pumping ggse^ as in fuel burners, is 
not discussed “here. * 

A. form of jet pump (Fig. 35), known as the Thompson 
pump, is used occasionally where a. small volume of one 
liquid at a high pressure, entering the jet, cauies the motion »f 
a greater volume of liquid at a lower velocity. For chemical 
works, fire service, or for dewatering foundations,, it may be 
of service. , * 


AIR LIFT FIJMPS 

« 

Pohle of America (1886) is generally credited with the first 
true conception of the working of the air lift, but this method 
of raising liquids'w^s known earlier. Carl Loscher probably- 
invented it in the year 17!}7. After a premature burial it 
seems at last to have arisen to witness- a partial eclipse of other 
jumping devices. From being the last resort, of a baffled 
engineer to make a true acid-resisting pump, and one tjiat can 
pump sand£ water from a deep small bore hole without hurt¬ 
ing- itself,*it is at last being studie&»witi that thoroughness 
which it deserves, and attempts are now made to get efficiencies 
which compare favigwabiy with other pumps. 

The air lift, hbwever it may be constructed, is but a U tube 
having one limb longer than the other. The short limb con¬ 
tains a heavy liquvl, the long limb a lighter liquid. The heavy 
liquid is liquid te> be pumped in a homogeneous condition, 
the lighter liquid is the same amount of substance aerated by 
the addition of air or gas? Fig. 36 shows an elemental air lift 
in which AB is the short limb receiving the liquid to be pumped, 
CD the long Iftfib or rising rnaip containing the aerated liquid. 
The pipe EC delivers the air or gas to the footpiece at C of 
this long limb. 

Though the lift is gf igmple in construction its action is 
“ rfropt in mystery.” There is at present no adequate theory 
developed upon which to base design. Its output is .con¬ 
trolled entirely undefined resistances such as slip of bubbles 
through the liquid, fluid friction of a mixture of liquid and 
gas, and eddies. 

In order’to calculate the factors for equilibrium for a given 
lift it is usual to asstime ,that the air expands isothermally, 
i.e. to say no one has yet published any data concerning the 
60 * 
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» * * 

action of thp lift when pumping hot liquors or eyen molteri 
metals. In the latte%case excision qf tha air is a complex 
affair, for it is neither isothermal nor adiabatic, dor the air is 
receiving energy from the heat of the liquid being pumped. 
The potion of the lift is complex enougl? without thinking 
the moment ofrf.he Jffeet of added energy, po we will consider 
the lift of a liquid**at the tefnperature of,the atmosphere. 

• • 

■ < » i 



Lot H = the actual lift in feet. 

h, = thd submergence in feet. , • 

h = the theoretical lift in feet (i.e. theieight to whicS 
the liquid will rise but not flow out of the rising 
main). *. 

V. = the volume of wjter if> hf? pumped per minute 
^in cu. ftt 
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* • i 

'V„ =«the volume of air required per minpto at atmo¬ 
spheric,pressure • * . 

V„, = the mean volumV of air expanding in 
main.. 


expanding in the rising 


V, ="khe volume ofiair at absolute pressure P,. 

P„ =,the absolute pressure lb. por'sq. ir.. of the atmo- 
sphorc. ' v 

P, the* absolute pressure lb. per sq. in. of the air 
under submergence head * 

' ■ , y* . ]> 

r -- ratio of expansion-^ or—‘. 

*• y • p« * 

In compressing the air fedthermally to the piessure corre¬ 
sponding to the submergence h, the work done per minute 

- 144 P„ V„ log. ft. lb. 

The work done on the water per minute = 624 V„ H ft. lb. 
To find the'volume of air per minute when compressed under 
submcrge*ce head h,: 

Assufning the law PV — K 
Then: , ff r .V. = P,V, 


V.= 


PX 

P, 


V„ x 


1 


V P 

Ratif of expansion = r— i = 

t • j 

Tlje volume of aii; V„ 'X — (pe r minttfe) at pressure P 

T < 

expands to volume V„ at pressure P* 

The meSn volume during tliia expansion 

• =y„,=v.x 1o «-;. • .. 

• r—1 * 

The specific gravity of the aerated column compared, with 

* i . • 

that -of the liquid = ——==-, and this is in equilibrium 

I ’ m 

with h t . , 

1 i 

h, = (H + hevad producing flow) - 

• • 1 + 
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K =’(*. + ft) 

■% 


1 


i + V’ 


h = h. (Y„). 

So far this is ordinary textbook inf-jraiation, and all we 
know is the fieight,to which the liquid will ristf'but not flow 
out of the risflig njain for n given volume of ab. No more 
energy can be supplied to the appliance, *for,this is governed - 
by tjjie submergence. Clearly then to'cause flow we’shall hav^h 
to content ourselves with raising the liquid to som^ other 
height H less than h. *Then h — H is the head producing 
motion and overcoming aVI the resistance to flow. These 
resistances »rc ■ * ' 

Lobs at'entry at the foot piece. • 

Friction loss of liquid. • * 

Loss at discharge of liquid at top of rising main. 

•Loss through slippage, that is the rise of the bubbles of air 
through the liquid as the aerated mass rises ; * 
Analyses of many carefully carried out tests show that the 
friction in the rising mals of an air lift is about six’times that 
for the flow of water alone at the same velocity. ’ 
Friction. —The following method ioi calculating friction is 
here suggested, though it is not possible to give values in the 
absence of experimental work. Stanton has shown that the 
relation * • ‘ 


miq vd , 

= <p —, where m - 
ir v 


■ hydraulic mean depth - 


i = hydraulic slope -r ,, 

» • * 


v = velocity 


, v — kinematic viscosity -• 

t] — absolute viscosity 
q — density t 

h.olds for all fluids. Sec Swindin, this series ,*Ffow of Ciquitk. 
Now if some industrious worker will give us the figure for q 
for a series of air and liquid mixtures, the valiAj of friction 
could beobtained with fair accuracy. <ft is presumed that the 
value for critical velocity would bo much modified, for it cannot 
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be conceived that tke lowest velocity of an air ajid gas mix¬ 
ture would flow io streamline fashion. 

Until such experiments are made the following modification 
of Stanton’s formula is suggested : ' 

Having assumed ahd obtained the values of • 

«>,„ = mean velocity feet per see. of the mixture 
V m = mean volume of air in cu. ft. ptr cu. ft. of liquid 
= moan'density of mixture from 

_ specific grayity of liquid 
1 ! V„. ' 

rj = absolute viscosity of liquid under conditions of flow 
q — density of liquid * f *. 

first obtain value of v; taking jj for the pure li quid, ' 


V — -I-t.- 1 

ft. 

with this find value of Reynolds’ criterion : 

* vd 

C v •' 

referring to chart in Flow of Iiquids, this series, obtain corres¬ 
ponding value of r * 


mi 

v* 



from whisb, value obi is at once derived. 

The correct value of h, cannot bo calculated directly, be¬ 
cause the length of rising main is not yet known. 

\ = * (H e + A,). ^ c 

The value of id, the actual lift for any set of conditions, is 
obtained frpm the equation given later on page 66. 

Kinetic Head h,. 

c 



where v = niean velocity of the* mixture. 


Loss due to Slippage.— A bubble of air introduced in a body 
of liqsid at thq botteftn of the rising "main will rise or slip 
through, its energy being dissipated in overcoming frictional 
resistance of the liquid. It would now be possible to calcu¬ 
late the velocity of movement of the air bubble with respect 
to the liquid, and this ha# beell done, hy Daw in his work 
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on “ Compressed Air Power.” The results of sucl^ theoretical 
calculations howevej |re not reliable, as th<^size of bubble is 
not exactly known) A more practical nftthod is to ascertain 
this essential figuSe by experiment. . 

A paper read before the Britfsh .Association a|«Edinburgh k 
Sopteinber, 1941, bf Dr. John S. Owen, ^ives some results 
of careful cxperimdhts carridli out to determine Ike size of 
bubbles issuing from pipes am}’ orifices am) thei^ velocity 
wheifrising through a column of water in a glass tube. Owen 
found that the size of huB^le was not a simple function of 
the diameter of the orifice. A^ery small bubbles were influ¬ 
enced largely by surface teSsioij and rate of flow and that 
there was p, minimum diameter which it wils difficult to get 
below. The following Tabic |4) is extracted from Dr. 
Owerfs paper. , , 


TABLE 4. 


Nozzle Dia. « 

• 

Ityflblc Dia. Approx. 

Velocity V Rise. m 

in. 

in* • • 

f.s. 

0-012 

0-05 

'• 0-53 

0012 

0-10 

0-57 

0-136 

0-125 

0-87 

0136 • 

0-15 

• 0-70 

0-212 

0-25 

l» <)-*\ 

0-375 

0-37 

0-80 

0-375 

• 

0-33 . 

0-81 


It is obvious therefore that for a low value for slippage loss 
the bubbles should be kept small and the velocity of 
the rising mixtures high. This latter condition giviS a high 
value for frittion, so that careful cftsign means compromising 
slippage and friction losses. > 

Th*e following methcgl of calculating the,value of slippage 
loss for water in terms of head is giveh tentatively pending 
a thorough investigation of the problem. Taking the reason¬ 
able average figure of 0-75 foot per second as the velocity 
of a rising bubble in water from a J ir, orifice: if V„ is the 
mean velocity of the fixture In tlA rising main, then allowing 
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for slip, the» actual mean velocity is (V„ — -75) ft r per second. 
The time of .flow ini the rising main is 4 —seconds . and 

H + h, 
v„ x 


ft. 


therefore tluj. total slip is 

To apply this rule to other liquids preliminary experiments 
should be madp t(T determine the rise of small bubbles in a 
'long glasi tube approximately of the diameter of the proposed 
lift. .For the usual run of chemical substances this tube is 
about 1 in. to 2 in. In general terms then if i> t is the velocity 
of the rising bubble the loss'is« 

r , ' /H + h.\ • 

. * ll ^\T7r 

To obtain II the actual lift in oi'dbr to evaluate the expres¬ 
sions : 

Friction head /i, = i (H -f h.) • 

' Slippage head /(,. = 1 1 —y 1 - 

(i \ 


the following equation is'giVen : 

If h e be the total length of the rising main then h, = (h -j- h,) 
and h ,.-f h, + h, -f h r -j- H ■= h,. 

Substituting the above values for 7( t , /(, ard h v , we get 

^ * v j v > + 7i, + i (II -f- h,) + h, + H = h,. 

Ap example of this is' worked out on f>. 72. 

From wkahdias already been stated it follows that the 
air lift considered as a thing in itself is as efficient as any 
ordinary pump. Properly installed it converts 80 per cent, 
of the ehergy supplied to it into useful work. Having claimed 
this and so given it an air of respectability we c&n now study 
borne of'its special characteristics which ought to appeal to 
a chemical engineer. , • 

i InHhe first .place there are two types of air lift: one is 
the pulsating type, described in Pohle’s original patent speci¬ 
fication, in which the aerated column consists of plugs or 
pistons of liquid separated by bubbles, or really cylinders of 
gas; the other is the eiAulseilr type, jn which the aerated 
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column consists of a homogeneous mixture of‘liquid am? 
very^ small bubble.” 1 *o# gas.’ Tin* engineer's* form of the lift 
is tKe emuleeur oj non-pulsating type, while the small lift 
used in the chemical works, c.g.on nitrig acid towers, is the 
pulsating piston tyge. This choice of types ariSes from tin? 
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different conditions ueder which ting lift? operates. The 
engineers’ lift is used chiefly for pumping large quantitfes of 
water and oil from deep bore holes and is constructed of 
large diameter pipes generally 4 in. to 12 in. diafgeter, too 
large for the air to form bubbles of Jhe diameter of the pipes. 
The chemical lift is installed for lifting comparatively small 
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quantities of liquids in,pipes gener¬ 
alities? tha% 2 in. in diameter in 
wfiifh the air wKieh comes from an 
open-ended pip8 readily forms 
bubbles, which at * once stretch 
across the tube Separating the liquid 
into h succession of pistons. It 
hh? been laid down that for high 
efficiency the air stream should 
be finely-divided and the liquid 
thoroughly aerated by small bubbles 
IjtcauSe loss arising from slippage 
diminishes with the srJaljness of the 
bubbles. It is evident, therefore, 
that th# qmulseur type of fift is 
more efficient than the pulsatjng 
Pohletype. It may seem paradoxi¬ 
cal to state that the very simplicity 
of the lKt ha* led to its own un¬ 
doing. A well, a “simple pipe for 
"riling main and another pipe as 
simple but smaller as air pipe may 
constitute a lift, but it will not be 
efficient. If the pijje is large enough 
it may work as an cmulseur, but* 
small pipes so arranged will cer¬ 
tainly produce the Pohle effect. It 
is possible to operate the smallest 
lift, in thc^emulseur "fashion, and to 
do this it is essential to divide the 
air so that the bubbles will not fill 
the rising maim Now the size of a 
bubble in a small Kft‘is a function 
of surface tension and not §jmply 
that of th% orifice* through which 
the air passes. Dr. Owen’s ex¬ 
periments have shown that for 

I Fio. 38.—Standard Lead Acid Pump 
I 'with. Umbrella and Lead-lked 
A. Collector Head e* Sullivan. 
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betow a certain diameter of orfece the "bubble formecf was 
always larger than the opening. If now a half-formed bubbfe 
could be swept f»m the orifice by t8<» flow of the liquid a 
smaller bubble w»uld be formed. A realization of this fact en¬ 
ables a rational footpiece to be deigned# Fig.37Jp. 67) shows 
tfee principles pponVhich the best type of footpi&e is designed. 
Referring to this Aspire, D is the submergedce pipe? C footpiece 
containing F a perforated Venturi throat. «Air enters at B» 



A, Submergence feet. 

Fia. 39. 

• S 


and passes - in a finely divided form through the ^erforatiqps 
of the throat, into the rising main A. This design enables 
the air to enter a rapMly moving stream of liquid at the point 
of diminished pressure. Two objects are tlfhs attained, one 
the brushing off the air bubbles before they attain the maxi¬ 
mum size and which also prevents coalescing, the other an 
increase'of head forcing the air. through the fine openings 
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» * 

in't&ethroat on account <5f fhe Venturi effect. Fig. 38 (p.-68) 
Shows fornfs of footpiece and air lift designed* by Messrs. 
Sullivan Machineiy C«. of Ckipagb for tfsdjin chemical wQrks. 


160,- 1 - 7 - 1 --r-•-, 



forated air discharge pipe. It is evident that the principles 
above desqfibed are partly embodied in this design. 

Heavy viscous liquMs ape easier to raise by air-lift than 
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water. An. increase of density ificreases fu direct proportion 
the submergence pressure. Viscosity determine? the degrdfe 
of slip of the buy?I?, the ‘greater the? risebsity the le^s the 

slip. As resistance to flow is a functidh of —, where v ss 

tUe ratio ^ sc *® It I. it follow^ therefore that the .aeration* of 
density * 

the ascending column by reduoing the density increases the* 

. vd 

value of v and decrease • -. 



The effect of a change of surface tension is jseen in the 
diagram,. Fig. 39, on p. C9, which oshows, the* quantities 
of water pumped fo; .given *subn!lergence with and without 
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the addition of soap, just sufficient to produce a flight lather. 
This increase in quantity, due to tlie lowering of surface tension, 
is more apparent at high rdtios of lift/submergence. 

, Diagrams, Figs.,40, 41, 42 and 43, pp.*TO~73, have been 
worked out for the 'pumping of sulphuric acid of 120° Tw. 

k c r _ 



0 3 5. 10 15 • m 

* % v m feet^per sea • 


* h, = 10 ft. Ratio ~ = ?. Flo. 42. 

* , 

{1-6 sp. gr.) from the <£orenulse already given. .By way of 

explanation the calculations for one particular net of con¬ 
ditions will be given in detail. Data : 

Liquid ± Sulphuric acid L6 Sp. gr. 

15 , = 3 ft. per sec. 

Pipe = Lead 2 in. inside diameter 
Air = 1 cu. ft. of compressed air per cu. ft. of 
liquid raised = V, 
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Submergence h, = 30 ft. * * . 

Calculations: * 4 * , • 

A column of acid equal to the pressure of the atmosphere 


is ^ == 21-2 ft. 


and r the# iff = 2-42 * ’ 


21'2 


g, r = 0-884 


V. = Al log, r = -A-'x 0-884 = 1-605. 


r - 1 


1-6 


Mean density e „ is—-— = - 


1-42 
1-6 


= 0-639. 


v 


Gallons per Min. 
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» Theoretical lift & is given by the equation 
whence 


• ‘•nsjfisY-'- 


' Velocity head. in tjrms of rising main; h, =s — 

• 2 . 


Friction head in teritis of Rising main h ,: 
hi=i(H + h.). 

To obtain i first obtain value of — 

• • p 


= ^ = 0-14 ft. 




040 

b-G3f>* 


: 0-106 in c.g.s. units 

• w 
- = -0<fclti8 in ft. sec. unit* 


for which V -£ — ^ x * X —— - : 

x 1 0 -000168 


: 2980. 


log — = 3-4742 

«. •» / 

The value of ™ from Stanton curve (top curve) corresponding 
‘to — = 2980 is -d001925 

y 0 • 

whence i — -0410 
and h, = -0416 (H + # 30),. 

,*• /H + Aa . , 

Slippage.— h t — ^—-— jv lt taking v b =» -5 f{. per see. 

The vaiue of H actual lift is obtained 4rom equation on 
p. 66 , thus: * • 

/H -(- h,\ • 

. » ' 

/H + 30\ 

(— 3 -r-J -5 + 30 + -0416 (H + 30) + -14 + H = 
to 4*45-18 = 7li-15, 
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from which II = 32-l*feet 
a*nd h -0416 (62-1) = 2-58*ft. 

* • • • 

■ ” h ‘ =(V)l = 10-3 «• 

Tlyj following diagrams (Figs. 40-43ffor fli* jumping of 
sflTfdraric acid'of 1 sp. gr. qre given to sfyow ho^ the vajue 
of h„ h, and h t , calculated according to t^o methods already 
suggested, affect the efficiency, of the air fift foj varying* 
velocities and ratibs of air tc^acid. A study of these diagrams 
will show that the empirical ratio of lift to submergdhee of 
l:2lh not the most advantageous, and also that the usual 
habit of forcing air lifts is very wasteful. For a given sub¬ 
mergence and lift the best efficiency lie^rofind about 3 to 5 
ft. mean velocity. Outside tho^e figurcs»the efficiency falls 
off rapidly. The laboui involved in making the calculations 
is.well repaid in air-lift design. » 

Pumping^ot Liquids in Air Lifts.—Wlicn used for puifiping 
hot liquids the air lift is essentially a heat engine, so that 
instead oh hot.solution? oeing troublesome to pimp, they 
enable the lift to attain what the pump cngineertwoull term 
impossible efficiencies. As gase^expamM/2^3 of their volumo 
for each risc*of one degree Centigrade, it is obvious therefore 
that a given ’#>lume of air or gas admitted to the footpiece will 
expand more hhan the value, according Co PV =» K. How • 
much this extra expansion amounts to is difficult to determine, 
as the transmission of heat from the liquid to the air through 
a surface film is almost as comple^ as 4hc action of the lift 
itself. * f ' t , • 

It is not yel appreciated how easy the pumping of molten 
metals, alloys, mercury and fused salts is when mtasures arc 
taken to use a gas for lifting which does not react rjith these 
metals. The autl'or has raised f*s«4 sodium amide with a 
small lift, using pure hydrogen gas as aerating substance. * 
theso cases the lift is of the simplest construction, merely 
consisting of small bor# solid-drawn steal pifes. The gas pijje 
is usually J in. in diameter and fitted inside fhe rising* main, 
which is about | ill. to $ in. Where the gas is expensive it is 
quite easy to design a closed circuit in conjunction with a 
compressor which circulates a givgn qdbntity of gas through 
• * 
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fhe'lift. A similai 1 proee'difre is necessary in pupping strong 
acids which absorb moisture from the air. 

The Granular 'Lilt.— The ( ifl report which the air lift has 
borne so long on Account of its so-called*low efficiency has 
prevented .its. special characteristics from being properly 
studied. Tl!e pumping of slimes, muds <5r granular materisls 
of* all kinds can be accomplished by special forms of ram, 
^liaphragm, ani cdntrifugah pumps, but when these fail then 
there is Aothing for it^but the bucket elevatqp and an«extra 
page in the ledger for the maintbsaijoe account. The raising 
of tailings, the residue from the wet treatment of oie,.at the 
mines, is now accomplished by the air lift. The pulp consists 
of a mixture of one part ofore to about six parts,of water. 

At the Chino pJpper Co., according to a report which 
appeared in Engineering artd Mining Journal, November 19, 
1921, the installing of the air lift implaco of the bucket elevator 
reduced the costs about one-half. The following table, taken 
from the article just mentioned, speaks for itself 


TABLE 5. 

r* * / 

Based on Actuab*Averaoe Tonnage of 5,000 Dry Tons Daily for 
Sixteen Months 


Plant. 

■ 

e 

• Tons 
ElevateC 
40 ft. 

In 16 
months. 

Actual Total 
Operating | 
and Repair ! 
Cost, 10 ; 
ifiOnths. j 

Actual 
Cost per 
Dry Ton 
Elevated. 

Equivalent 
Cost per 
Year at 
full 

Capacity. 

Estimated 
Operating 
and Repair 
Cost, 

20 years. 

Bucket Eleva- 
i tor . t| . 

1 « 

2,459,300 

S48,078-47| $00l!l54 

c 

•$85,585-20 

$1,7)1,704 

| Air Lift r . . 

2,20/,922 

$21,798-90! 

$0 009373 

$43,243-74 

$804,874 

! Actual Saving 

- 

>* i_ 

$0-009067 

$42,311*46 

$846,830 


, Otlpr useful figures are given in‘the report which will 
repay study. “Efficiencies measured from the energy in the 
air at foot .piece varied from 60 to 58 per cent. 

The design of lifljp for raising granular bodies depends 
entirely on experience. The ohief points, however, of the 
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ordinary liquid lilt apply, such a? dividing the air into, small 
bubbles, keeping doyn vejocijics, but in addition special 
arrangements have»to be mado t{> prevent the solid particles 
from packing and»the air apertures from*becoming choked. 
This little work cannot discuss t&tipls of tiro granular lift, but 
pBfhaps enough ha? been said tp put makers dt mechanical 
pumps on their mbttle. Ceftain it is thht wheft the bist 
practice of these lifts becomes JjAown maty pump engineer^* 
will be surprised. * 
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e. c 

Tee most notable example of ‘this class of pump is the well- 
known ram pump (Fig. 44),'“'Which dates from tie end of the 
eighteenth century.* In its simplest form it consists of a 



Fig. 44. 


supply pipe S, a valve *box B, a waste valve Vi, Opening in¬ 
wards, a discharge valve V„ opening outwards, an air vpssel 
A, and a discharge pipe P. Its action js as follows: A flow 
is4set un in tlre^pipe S*on op.eiling the waste valve V t . The 
increase in mokentum of the water closes this valve with 
consequent eapid increase of pressure in valve box B, and 
discharge through vab»e V, into the air vessel A. A» soon as 
the momentum is absorbed'in tlfe valwe,box B, the delivery 
. • 
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valve V, closes,\nd V 2 fpens, anWtftewhdle cycle is repealed. 
Ti^pfficienoy of the ram is a function of the delivery heaflf 
the ratio l/H t V%ero Uis^Se length o# the.supply.pipe 
and H the efiectiv%pupply head. Rankmcjpves the efficiency 


thyg M2 —whole ha = delivtty head. 



Byjmsertfng a rubber diaphragm in the valve box J1 between 
the two valve% it is possible to pump a sqjall quantity of a 
liquid by the flow of a large yantity #f another liquid, Uae 
of the ram for air compressing was made by BprSommellier in 
the construction of the Mont Cenis Tunnel. f 
A fonn of momentum pump exists yj the fom* of a long 
vertical pipe, fitted afj its Iewer end with a valve, and so 
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arranged that it eta he‘pWiodicalljf-. jerked 1 through a shAll 
fiaYge by aii eccentric. The friction of the pipe acts 
retaining'valve and clauses i&e liquid ,ft>' climb up the pipe, 

, An interesting fipn of this typ'e of pnm.p has been used by 
the author for raising small quantities of mercury by the flow 
of water frcta an ordinary service. The rising maiif Ji is 
fitted with an enlarged end to take a rubber uung for two glass 
.,tubes. The shrrte' tube D’is connected to the water tap A, 
and the longest tube C is contacted by a rubber play pipe E, 
with a mercury momentum jar*F, fad from a container *G. 


To operate, it is first necessary to permit the wateJio:flow 
through pipe B, then jar F is gently lifted and jerked several 
times, till small globules oh mercury issue from tube C. At 
this stage the jar F is placed on a stand so that the level of the 
mercury in it is the same as* the tip of tube C. So long as the 
water flows, the mercury oscillates about a rtaan position, 
causing each globule of the mkal issuing from C to act aS a 
valVe, and ^nesting for the time being the flow ff the water. 
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